Two samples of nominal composition Gd1.80Ce0.15CuO4.0 and Gd 1.85 Ce 0.15 CuO 4.075 were subjected for a long-term treatment in air at 1100
Introduction
In Part I [1] we present results of our study on phase equilibria in Gd 2 O 3 −CeO 2 −CuO system prevalent for isothermal cross-section of 980
• C. Because of seriously restricted solubility of CeO 2 in Gd 2 CuO 4 binary phase at 980
• C, we could not construct satisfactorily precise the domain of Ce doped Gd 2 CuO 4 solid solution. Nevertheless, an important result concerning crystallochemical constitution of this solid solution, consisting of deficiency on Cu-site, is given therein.
(733)
The aim of this work was to recognize more precisely real constitution of Ce-doped Gd 2 CuO 4 solid solution, based on samples of much higher Ce content. We hoped to get some additional evidences that would help understanding so essential differences in electronic and transport properties of this phase reported in relation to those of the Ce-doped Nd 2 CuO 4 one.
Experimental
Two samples of nominal composition Gd 1.80 Ce 0.15 CuO 4.0 and Gd 1.85 Ce 0.15 CuO 4.075 , each of about 2 g, were prepared by classical solid state reaction using appropriate oxides of the Johnson-Matthey 4N purity. The preliminary sintering procedure consisted of 2 days at 800
• C, then 2 days at 850
• C and finally 3 days at 900
• C, each time comprised with regrinding and palletizing of the samples before application of higher sintering temperature.
On passing the above procedure, the samples were subjected for a long-term (≈ 12 days) ageing in air at 1100
• C, comprised with a precise control of their weights vs. time of the treatment applied. Then they were quenched to room temperature and X-ray analyzed (DRON-3 diffractometer and Fe filtered Co K α radiation). Any decrease in the sample weights, observed vs. time at 1100
• C, was assumed to result entirely from volatility of either copper or copper oxides. Volatility of the remaining elements was neglected.
Parallel to the samples under gravimetric control, two reference samples of the same composition were used to verify, by X-ray, the phase composition of the gravimetrically controlled samples and its time dependent variation.
The overall content of Cu and its oxidation state in the samples analyzed were deduced based on double titration with sodium thiosulphate of known concentration (N), applied to the solutions obtained by dissolving them in HCl, both "on cold" and "on boiling", all according to the procedure given in [2] .
Additional tests applied to the gravimetrically controlled samples were determination of their density, performed according to the procedure described in [3] , as well as refinement of their crystal structures by the Rietveld technique. For this purpose, the X-ray powder patterns recorded in SIEMENS D5000 diffractometer (Cu K α radiation with Si internal standard) and the FULLPROF program [4] were used.
Concerning contribution of Ce, we assumed that this element takes part as well in the oxidation of iodide ions to free iodine. The algebraic matrices used for estimation of Cu final content (yCu) and its valence (V Cu ) were as follows:
Physical meaning of the individual factors given in these matrices is following: A -invariable and known part of the overall molecular weight of each tested sample, i.e. either Gd At this point we should admit that the m b value is unavailable since it is referred to "214" structure type sample of V Cu = 2. This valence state appears exclusively in course of "on boiling" dissolution of the samples available, i.e. those of V Cu = +2, used to perform titration of their "on cold" solutions.
Results and discussion
In Fig. 1 we present the time dependent loss of sample weights, taking place at 1100
• C in air. The sharp jumps seen at the beginning of the thermal treatment applied seem atypical. Let us note that at this stage, the samples were not single phase yet (as an example see Fig. 2a ), and the jumps may reflect dissociation of CuO to Cu 2 O, comprised with evaporation of the latter. As proved by X-ray diffraction of the reference samples, already after ≈ 24 h at 1100
• C, the samples under control became single phase (somewhat later in case of the sample Gd 1.80 Ce 0.15 CuO 4 ), hence further smooth loss of their weights vs. time is seen. In case of the Gd deficient sample Gd 1.80 Ce 0.15 CuO 4 , its weight loss is much quicker (see Fig. 1 ). Interesting to note is that, even after 272 h exposure to 1100
• C, both the samples remain single phase in spite of a continuous loss of their weights (see for example Fig. 2b) These data were obtained assuming the observed sample weight loss to be caused by evaporation of free Cu.
of these samples could be precisely determined. As it is suggested in [1] , the distribution model ascribed to them consists of Cu deficiency, variable vs. time of sintering applied. This model has been also confirmed by the crystal structure analysis (for the case of nominally stoichiometric sample the results are presented in Fig. 3) , consisting of mutual comparison of the experimental intensity data I (hkl) with those calculated for each of the models considered. Appropriate reliability factors are given in Table. In light of the above result, the Ce doped Gd 2 CuO 4 solid solutions reported in [5] seem to have identical structure constitution. As already stated in [1] , lack of superconductivity in this material may be a direct consequence of its Cu deficient nature.
Concerning somewhat surprising behaviour of the Gd deficient sample, namely relatively large loss of copper noticed after 272 h exposure to 1100
• C (see Fig. 1 ), its explanation is following. Let us suppose that the components of Gd deficient sample would undergo at 1100
• C a full reaction without any visible loss of Cu. If so, then multiplying its nominal formula by a factor 2/1.95 (to express it in Gd-site full occupancy form), this sample would be composed of two phases, namely Gd 1.846 Ce 0.154 Cu 1.00 O 4+δ + 0.0256 CuO. It is obvious that ≈ 2.5 mol.% content of CuO would not be seen through X-ray diffraction, and the sample would be considered as single phase. Certainly, if certain fraction of copper in this sample would remain as free CuO, then larger loss of its weight would have happened not only because of higher content of the overall copper. Easy to guess why final composition of this sample as well as valence of its Cu, both are so close to that of the stoichiometric one (see Table) .
